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STRENGTH OF LIGHT I BEAMS
I. INTRODUCTION
1. Object of Investigation.-Rolled I beams of standard section
have been extensively used in steel structures, and their strength and
properties have been determined by tests as. well as by actual use.
Within recent years the Bethlehem Steel Company and the United
States Steel Corporation have rolled I beams of heavy section having
thick webs and flanges; and the Jones and Laughlin Steel Corpora-
tion has rolled very light steel beams with weights about one-third
of the weights of standard steel beams of the same depth, and having
thin webs and flanges. The new heavy and very light-weight I beams
are entirely outside the limits for which tests have been made on
standard I beams, and therefore call for additional tests and investi-
gations. The tests recorded in this bulletin were made to supply
fundamental data for the design of light-weight I beams. The proper-
ties of the light-weight I beams known as J & L Junior beams are
compared with the strength of standard beams as summarized by
Moore* and by Moore and Wilson.t By comparing the action of
the light J & L Junior beams with the known action of standard beams
it will be possible to draw conclusions for the proper design of light
I beams.
2. Acknowledgment.-This investigation has been conducted as
part of the work of the Engineering Experiment Station, of which
DEAN MILO S. KETCHUM is the director, and the Department of Theo-
retical and Applied Mechanics, of which PROF. MELVIN L. ENGER is
the head. The investigation was carried out in cooperation with the
Jones and Laughlin Steel Corporation, Pittsburgh, Pa. Acknowledg-
ment is made to PROF. H. F. MOORE for assistance in planning the
tests.
II. TESTS AND MATERIALS
3. Structural Behavior of I Beams.-Rolled I beams of standard
section have been used extensively in actual structures as well as
tested in laboratories. The formulas commonly used for computing
stresses and deflections in beams are based on the assumptions:
(1) that a plane cross-section of a beam remains plane during flexure,
*"The Strength of I-Beams in Flexure," Univ. of Ill. Eng. Exp. Sta. Bul. 68.
t"Strength of Webs of I-Beams and Girders," Univ. of Ill. Eng. Exp. Sta. Bul. 86.
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and (2) that the moduli of elasticity of the material in the beam for
tension and compression are equal and constant.
Beams may fail in one of several different ways:
(1) The beam may fail by flexure, that is, when the material in
the flanges can offer no additional resistance. The usual flexure for-
mulas are nearly exact up to the yield-point strength of the material,
which is practically the- failure point of the beam.
(2) In long beams the upper flange acts somewhat as a column
and, unless the beam is restrained against sidewise deflection, failure
may occur by sidewise buckling of the upper flange. Where sidewise
buckling is the cause of failure, the unit stress at failure is commonly
less than the yield-point strength of the material, that is, failure is due
to the elastic instability of the beam. Professor Moore* points out
that this elastic instability is usually greater in the case of light sec-
tions than in the case of heavy sections, though the term "light" sec-
tion as it is used by him refers to the so-called "standard" sections.
(3) Failure may occur by excessive shearing stresses in the web
which manifest themselves by the buckling of the web.
(4) Failure may occur in the web by excessive bearing stress in
the web at the point of support, and is manifested by a bending or
kinking of the web over the support.
The tests for the J & L Junior beams were planned to give infor-
mation on these four types of failure and on the additional point of
residual deflection. Each of these five tests is discussed under a sepa-
rate heading.
Practically all of the tests on the beams were made with a 200 000-
lb. screw-type testing machine.
4. Tests of Materials.-The properties of the steel in the beams
tested by Moore are given, wherever needed for comparison, in the
tables of results.
The steel in the J & L Junior beams was open-hearth steel of uni-
form composition, as shown by the result of chemical analyses. The
average of the chemical tests made on 38 samples taken from the
6-in., 10-in., and 12-in, beams, expressed in per cent, was: C = 0.17,
Mn = 0.44, P = 0.012, S = 0.040.
Three specimens for tensile tests were cut from each of four 6-in.,
four 10-in., and four 12-in. beams. The specimens were taken from the
edge of the flange, from the junction of the web and the flange, and
from near the quarter point of the web of each of the beams as shown
*"The Strength of I-Beams in Flexure," Univ. of Ill. Eng. Exp. Sta. Bul. 68, p. 24.
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FIG. 1. LOCATION OF TENSILE TEST PIECES IN BEAM
in Fig. 1. The three test pieces for each beam were taken from the
same portion of the length of the beam, and were 9 inches long and %
inch wide, machined to a width of % inch for a length of 3 inches.
Measurements of deformation were made over a gage length of 2
inches and the values for the modulus of elasticity, as given in Table
1, were obtained from these deformations and the corresponding
stresses. Too great reliance should not be placed on the correctness of
the individual values of the modulus of elasticity because of the short
gage length which was used and because the construction of the exten-
someter which it was necessary to use rendered it liable to some error.
The yield point was determined by the drop-of-beam method and the
proportional limit was taken as that unit stress at which the deforma-
tion was no longer proportional to the stress. The results of the tensile
tests are given in Table 1, and a summary of the results is given in
Table 2.
III. TESTS FOR RESIDUAL DEFLECTION UNDER INCREASING LOAD
5. Object.-Some building regulations require that each type of
steel joist shall, before approval for use, be subjected to a series of
gradually increasing loads up to the permissible design load, and that
there shall be no residual deflection after the removal of each load.
Since no tests of this kind appear to have been reported in the litera-
ture it seemed best to make a few such tests in the interest of com-
pleteness and for purposes of reference.
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TABLE 2
AVERAGE VALUES OF TENSILE TESTS OF STEEL IN J & L JUNIOR BEAMS
AS GIVEN IN TABLE 1
Average
Depth No. Yield Point Ultimate Pereage Modulus of
of of lb. per Strength Elongation Elasticity
Beam, Tests sq. in. lb. per 2-in. Gage lb. per
in. sq. m. Length sq. m.
6................... 12 43 000 63 800 29.5 28 100 000
10................... 12 38 300 58 400 34.0 28 800 000
12................... 12 43 100 63 300 31.8 29 000 000
rfn
Head of
Tesf'/'g •Mcch/??e
S-Load/'ng
Beam
z"Hooks af
Ang/e Bar //e/l Load Po/l, ,
by 2 Screws of
Tes.'ng' a'/chh/e
ea'm, r/nder Test
,
t
-i~///7g Screws I Test/,g MachA'e
'777 i
We,11q171 Tae/e of Tes_/q/g N^acI/-? '7e
FIG. 2. SKETCH OF APPARATUS USED TO RESTRAIN UPPER FLANGE OF BEAM
6. Method of Testing.-The tests were made on standard beams
6 in., 8 in., and 10 in. deep and on J & L Junior beams 6 in., 10 in., and
12 in. deep. The results are given in Table 3.
Each beam was tested separately with the load applied at the
center, as required by building regulations, and was loaded by a series
of eight loads, each successive load being increased over the previous
one by one-eighth of the calculated design load, which was based on
rmi
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TABLE 4
TESTS OF J & L JUNIOR BEAMS WITH UPPER FLANGES RESTRAINED
FROM SIDEWISE BUCKLING
Test piece consists of two beams connected together at upper flanges by welded plates.
One-third point loading
Depth
Beam
in.
6
6
6
6
10
10
10
10
10
10
12
12
12
12
Span
ft.
6
6
12
12
6
6
10
10
20
20
10
10
20
20
Web
Thick-
ness
in.
0.137
0.127
0.139
0.140
0.166
0.166
0.163
0.166
0.165
0.163
0.172
0.169
0.174
0.171
I/c
Each
Beam
in.
3
2.32
2.32
2.37
2.37
7.67
7.66
7.66
7.70
7.70
7.66
11.26
11.20
11.20
11.11
Maximum
Load
lb.
20 860
19 910
10 130
10 100
60 150
58 000
33 600
35 070
16 720
16 870
43 400
46 100
25 840
25 130
Fiber
Stress at
Propor-
tional
Limit of
Beam
lb. per
sq. m.
33 600
31 000
35 500
35 400
28 100
28 100
26 100
23 500
23 500
23 500
28 500
28 500
27 000
27 000
Ultimate
Fiber
Stress
lb. per
sq. in.
53 900
51 400
51 500
51 200
47 000
45 300
43 800
45 600
43 300
44 100
38 500*
41 100*
46 100
45 200
Maximum
Average
Shearing
Stress
lb. per
sq. in.
6 250
6 460
3 000
2 970
9 080
8 710
5 140
5 280
2 530
2 570
5 200
5 650
3 110
3 040
*The ends of beams in tests 0-21 and C-22 tilted sidewise at maximum load and part of end
welds snapped indicating that the maximum load in flexure had not been reached.
a fiber unit stress of 20 000 lb. per sq. in. This stress of 20 000 lb.
per sq. in. was selected since it is as high as any which might at present
be allowed under a building code. The beams were held against side-
wise deflection by means of the arrangement of hooks shown in Fig.
2. The deflections were read directly by means of an Ames dial which
read to 0.001 in. An initial load of from 200 to 500 Ib. was applied
at the beginning of each test and the Ames dial adjusted to zero with
this load on the beam. After the application of each load the deflection
was read and the load then reduced to the initial load. The deflection
was then read again, this final reading being the residual deflection
for that load.
Each beam was loaded twice through the complete series, except
the 12-in. J & L Junior beam which was loaded four times. Only the
first and fourth readings for this beam are given in Table 3.
7. Analysis of Results.-The results show that there was an ap-
parent slight residual deflection after the first series of loads but that
there was no appreciable residual deflection after the second series of
loads. However, since in a number of cases the residual deflection was
a negative quantity, meaning that the beam recovered an amount
greater than the deflection, it will be evident that the cause of the
differenbe must be found in the loading and weighing apparatus. This
Test
No.
0-1.......
0-2.......
0-9.......
-10 ......
C-3.......
C-4.......
C-5.......
0-6.......
C-7 .......
0-8 .......
0-21......
0-22 ......
0-23 ......
0-24 ......
-- ~--------
I
ILLINOIS ENGINEERING EXPERIMENT STATION
TABLE 5
SUMMARY OF TESTS ON PIECES CONSISTING OF TWO BEAMS WITH UPPER FLANGES
FASTENED TOGETHER BY PLATES TO PREVENT BUCKLING
One-third point loading
*Clamp holding batten plate slipped.
tWelds in stay plates broke and allowed beams to tilt before maximum load was reached.
:Omitting the values obtained from the tests where the primary failure was due to breaking
of welds.
is due to the difficulty in unloading a beam so as to retain the exact
load which was on it at the start of a test, especially when the initial
load is small compared with the capacity of the testing machine. This
was shown very clearly in the tests of the 12-in. J & L Junior beam, in
which the initial load first used was 400 lb. Three series of readings
were taken with this initial load but consistent readings could not be
obtained, the third series showing as high negative deflections as the
second series showed positive deflections. But with an increase of the
initial load to 500 lb. the difficulty was much less. It may thertfore be
STRENGTH OF LIGHT I BEAMS
concluded that with both standard beams and J & L Junior beams the
design load produces no residual deflection of engineering significance.
IV. FAILURE OF BEAMS WITH UPPER FLANGES RESTRAINED
FROM SIDEWISE BUCKLING
8. Specimens and Method of Testing.-In ordinary building con-
struction the upper flanges of I beams are supported against sidewise
buckling by the floor construction or other bracing. In order to simu-
late this condition each test piece consisted of two J & L Junior beams
connected at the upper flanges by means of %-in. x 3-in. x 12-in. plates
spaced 12 in., center to center. The ends of these plates were flush
with the outside edges of the upper flanges, and were welded to the
upper flanges along each edge of the plate.
These test pieces were loaded at the one-third points through 2-in.
x 3-in. x 12-in. blocks, which distributed the load equally to each of
the two beams. The spans were 6 ft. and 12 ft. for the 6-in. beams and
10 ft. and 20 ft. for the 10-in. and 12-in. beams. Deflections at the
center of the span were read on each test piece, on one beam by means
of an Ames dial placed under the beam, and on the other by
means of a scale fastened to the beam and a fine wire stretched at the
center of the height of the beam. The two readings agreed very closely.
9. Results of Tests.-Table 4 gives the data and computed results
for these tests, and Table 5 a summary of these tests, and also of the
tests of standard beams as reported by Moore in Bulletin No. 68.
Load-deflection curves are shown in Figs. 3 and 4. The appearance of
the beams which failed in a normal manner is shown in Figs. 5 and 6.
Figures 7 and 8 show the appearance after failure of a test piece in
which the welds on the stay plates snapped and allowed the beams to
twist before the maximum load had been reached.
10. Analysis of Results.-Table 5 shows that the ultimate fiber
stress of the J & L Junior beams is at least as great as that of the
standard beams when the upper flanges of both are prevented from
deflecting sidewise. But of more importance in the study of the effi-
ciency of light I beams is the ratio of the ultimate fiber stress in the
beam to the yield-point strength of the steel in the flanges as deter-
mined by tensile tests on specimens cut from the beams. Moore has
pointed out in Bulletin No. 68 that "The yield-point strength of struc-
tural steel in compression is about the same as the yield-point strength
ILLINOIS ENGINEERING EXPERIMENT STATION
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in tension."* And he says further that "for I-beams the yield-point
strength of the material in the flanges should be regarded as the ulti-
mate fiber stress in flexure."t If these conclusions are valid, and all
tests indicate that they are essentially correct, the results given in
Table 5 show that the light beams are fully as efficient as the heavier
standard beams, since the ratio of the ultimate fiber stress in the
beams to the tensile yield-point strength of the steel is about 107 per
cent for the standard beams, and from 103 to 122 per cent for the
J & L Junior beams.
The necessity for having the compression flanges well braced in
order to develop the full strength of a beam in flexure, especially with
short beams, is illustrated by the type of failure shown in Figs. 7 and 8.
*"The Strength of I-Beams in Flexure," Univ. of Ill. Eng. Exp. Sta. Bul. 68, p. 32.
tlbid., p. 10.
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FIG. 5. Two 12-IN., 20-FT., J & L JUNIOR BEAMS AFTER FAILURE
FIG. 6. END VIEW OF Two 12-IN., 20-FT., J & L JUNIOR BEAMS AFTER FAILURE
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FIG. 7. Two 12-IN., 10-FT., J & L JUNIOR BEAMS AFTER FAILURE
FIG. 8. END VIEW OF TWO 12-IN., 10-FT., J & L JUNIOR BEAMS AFTER FAILURE
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TABLE 6
MODULUS OF ELASTICITY OF STANDARD AND LIGHT I BEAMS
Each test piece consisted of two beams, with upper flanges fastened together by stay plates,
except Series RS and RJ in which the test piece was a single beam.
Where test number is designated as M the tests are quoted from Univ. of Ill. Eng. Exp. Sta.
Bul. 68.
Modulus of
Depth and Type Type of Span ElasticityTest No. of Beam Loading ft. of Test Beam
lb. per sq. in.
5 M........................ 8-in., standard Third points 5 26 500 000
6 M.......................... 8-in., standard Third points 5 23 000 000
16 M........................ 8-in., standard Third points 10 27 800 000
17 M......................... 8-in., standard Third points 10 26 300 000
23 M......................... 8-in., standard Third points 20 24 000 000
C 1........................... 6-in.. J & L Junior Third points 6 29 000 000
C 2........................ 6-in., J & L Junior Third points 6 27 200 000
C 9.......................... .. 6-in., J & L Junior Third points 12 30 600 000
C 10........................... 6-in., J & L Junior Third points 12 31 200 000
C 3............................ 10-in., J & L Junior Third points 6 22 000 000
C 4............................ 10-in., J & L Junior Third points 6 21 600 000
C 5........................... 10-in., J & L Junior Third points 10 24 000 000
C 6 ....................... 10-in., J & L Junior Third points 10 30 000 000
C 7........................... 10-in., J & L Junior Third points 20 28 500 000
C 8........................... 10-in., J & L Junior Third points 20 30 400 000
C 21........................... 12-in., J & L Junior Third points 10 24 000 000
C 21.......................... 12-in., J & L Junior Third points 10 24 000 000*
C 22........................... 12-in., J & L Junior Third points 10 25 900 000
C 22.......................... 12-in., J & L Junior Third points 10 27 400 000*
C 23.......................... 12-in., J & L Junior Third points 20 25 900 000
C 23.......................... 12-in., J & L Junior Third points 20 25 900 000*
C 24......................... 12-in., J & L Junior Third points 20 27 800 000
C 24.......................... 12-in., J & L Junior Third points 20 27 800 000*
RS 1.......................... 6-in., standard Center point 8 28 000 000
RS 2........................ 8-in., standard Center point 12 27 600 000
RS 3........................ 10-in., standard Center point 20 26 900 000
RJ 1........................... 6-in., J & L Junior Center point 8 28 300 000
RJ 2......................... 10-in., J & L Junior Center point 12 25 500 000
RJ 3.......................... 12-in., J & L Junior Center point 20 27 100 000
*These values were obtained from the deflections after the beam had been loaded beyond the
proportional limit and released. See Fig. 4.
These cuts show a short beam on which the welds between the
stay-plates and the upper flanges broke before the maximum load had
been reached. When the stay-plates broke the beams were allowed to
act in a partially independent manner, and therefore rotated and
twisted before reaching the maximum load which the test piece was
capable of carrying if it had continued to act as a unit.
In Table 6 are tabulated the values for the modulus of elasticity
of the beams in this group of tests. For most of the beams the modulus
of elasticity of the beam is less than that commonly used for steel, i.e.,
30 000 000 lb. per sq. in. In general this difference is from 10 to 15
per cent. The modulus of elasticity of the material in the 8-in. stand-
ard beams tested by Moore is not available but the average for the
beams themselves, as calculated from the deflections, is 25 500 000
STRENGTH OF LIGHT I BEAMS
lb. per sq. in. The average value for the modulus of elasticity of all
the J & L Junior beams listed in Table 6 is 27 000 000 lb. per sq. in.,
which is about 6 per cent higher than that of the 8-in. standard beams.
But the series with the center-point loading includes both standard
and J & L Junior beams with a range of depths, and they were tested
at the same time under identical conditions and therefore may give
a better comparison. Since the average value for each group is prac-
tically the same, it may be concluded that there is no essential differ-
ence between the modulus of elasticity of the standard beams and that
of the J & L Junior beams. The low values obtained for a few beams
may be due to the initial stresses in the beams. If these beams had
been loaded nearly to the yield point, unloaded, and loaded again it
is probable that the modulus of elasticity would have been as high
as the average for the other beams. This explanation is verified by
the deflection curves for test-piece C-22 in Fig. 4. The beams C-21
to C-24, inclusive, were loaded beyond the yield point and the load
was then released and reapplied to failure. The results thus obtained
are plotted in Fig. 4. It will be seen that the modulus of elasticity
for the second loading of C-22 is greater than that for the first loading.
V. RESISTANCE OF WEB TO BUCKLING
11. Previous Tests.-Moore and Wilson tested various types of
thin-webbed beams, and as a result concluded that "In the case of
girders having no stiffeners except at points at which concentrated
forces are applied, the web is capable of developing the lowest of the
following critical values: (1) the yield point strength of the web in
shear; or (2) the compressive strength of the web as computed by
Euler's formula, considering a 45-degree strip as a fixed-ended column
subjected to a compressive stress equal to the transverse shearing
stress at the neutral axis, or (3) a diagonal strain equal to the strain
at the yield point of the material in tension."*
Tests reported by Moore in Bulletin No. 68 show that standard
beams have such thick webs, and therefore such a small slenderness
ratio for the web, that the second criterion does not apply to them.
12. Tests of J & L Junior Beams.-The tests made on J & L Junior
beams were made on short beams, with stiffeners at each end and at
the center point, and the load was applied at the center point. The
stiffeners were made of 1-in. x ~/-in. bars and were electrically welded
in place on each side of the web. All of the beams tested in this man-
*"Strength of Webs of I-Beams and Girders," Univ. of Ill. Eng. Exp. Sta. Bul. 86, p. 49.
ILLINOIS ENGINEERING EXPERIMENT STATION
FIG. 9. FAILURE OF SHORT J & L JUNIOR BEAMS BY BUCKLING OF WEB
ner failed by buckling of the web. In each test piece the web developed
the waves characteristic of web buckling. Photographs of some of the
failures are reproduced in Fig. 9. The data and computed results are
given in Table 7.
13. Beams Tested as Columns.-As a check on the results obtained
in tests for the resistance of the web to buckling, a number of short
pieces were cut from beams and tested as fixed-ended columns. The
pieces consisted of an entire cross-section of the beam, about 4 in.
long. These columns were tested in a 50 000-lb. Riehle screw testing
machine. The top and bottom flanges of the test-pieces were in direct
contact with the base and head of the testing machine and served to
make the piece a fixed-ended column. The results of these tests are
given in Table 8.
14. Analysis of Results.-For comparison with the test results the
strengths of the pieces tested as columns were computed by the Euler
formula for fixed-ended columns,
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TABLE 8
STRENGTH OF SECTIONS OF J & L JUNIOR BEAMS TESTED AS FIXED-ENDED COLUMNS
Depth
Test Beam
No. in.
1 .............. 6
2 ............... 6
3................ .6
4. .............. 6
5............... 10
6............... . 10
7............... 10
8............... 10
9............... 12
10................. 12
11.......... ..... 12
12................ 12
13............... 12
14................. 12
15 ............... 12
16............... 12
Dimensions
in.
0.111 x 0.740
0.111 x 0.663
0.112 x 0.740
0.125 x 0.515
0.169 x 0.733
0.168 x 0.724
0.168 x 0.710
0.167 x 0.835
0.170 x 0.765
0.168 x 0.765
0.167 x 0.748
0.167 x 0.710
0.168 x 0.763
0.168 x 0.766
0.166 x 0.736
0.167 x 0.731
Load
lb.
2500
2330
2150
2050
3700
2710
2890
2730
2200
1960
2340
2100
2190
2140
2410
2390
Unit Load
lb. per
sq. in.
30 400
31 700
31 900
31 900
29 800
22 300
24 200
19 600
16 900
15 300
18 700
17 700
17 100
16 600
19 700
19 600
Unit Load
Computed by
Euler Formula
32 800
32 800
33 500
41 500
.27 600
27 000
27 000
26 700
19 200
18 700
18 500
18 500
18 700
18 700
18 300
18 500
P
in which - is the unit load in lb. per sq. in., E is the modulus of elas-
ticity in lb. per sq. in., and 1/r is the slenderness ratio. The modulus
of elasticity was taken as 29 000 000 lb. per sq. in. These values are
given in Table 8. It will be observed that the computed values are
slightly higher than the test values for the 6-in. and 10-in. columns.
A summary of all the web buckling and column tests of J & L
Junior beams, and also of the two tests made by Moore and Wilson,
are given in Table 9. The values for the maximum shearing stress
were assumed to be the average shearing unit stress in the web, as-
suming that the web takes all the shear, multiplied by 1.15. Calcula-
tions for a number of sections showed that this method gave results
very close to the values obtained by using the standard formula for
maximum shearing unit stress, Ss = VAy/ Ib, in which S, is the shear-
ing unit stress, V is the vertical shearing force, A is the area above the
plane at which the stress is being found, y is the distance to the
centroid of the area A, I is the moment of inertia of the section, and
b is the thickness of the web.
It should be recalled that the previously quoted conditions laid
down by Moore and Wilson were not criteria of failure, but were safe
rules, and that they applied only to beams and girders with thin webs
and not to standard beams with relatively thick webs. Further, their
results were obtained with beams having stiffeners at the supports and
at the load points. With these limitations in mind it is readily seen
I
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TABLE 10
VALUES OF COEFFICIENT m FOR VARIOUS LOADINGS OF BEAMS
Loading Value of m
Simple beam, uniform load............................. 0.667
Simple beam, mid-point load........................... 0.500
Simple beam, single concentrated load any point of span.. 0.500
Simple beam, one-third point loads...................... 0.667
Simple beam, one-quarter point loads................... 0.750
Simple beam, one-sixth point loads..................... 0.833
Cantilever beam, uniform load............................ 0.667
Cantilever beam, end load............................... 1.000
Fixed-ended beam, uniform load........................ 0.281
Fixed-ended beam, mid-point load...................... 0.250
that Moore and Wilson were very conservative in their recommenda-
tions, since Table 9 shows that the buckling strength of all the beams
tested with thin webs is considerably greater than would be expected
on the basis of the strength of a column having a height equal to the
length of a 45-degree strip of the beam. In the case of both the stand-
ard beams with the web planed down and the J & L Junior beams, the
shearing strength actually developed is considerably above that of a
45-degree strip of the beam, and for the 10-in. and 12-in. beams it is
represented very closely by the computed strength of a vertical strip
of the beam considered as a fixed-ended Euler column.
VI. TESTS OF BEAMS WITH UPPER FLANGE FREE TO BUCKLE SIDEWISE
15. Conclusions for Standard Beams.-Moore reports in Bulletin
No. 68 on a number of beams which he tested without sidewise re-
straint, and from these tests, together with those of Marburg and Burr,
ml
he derived the equation of their strength as S = 40 000 - 60 - (plus
or minus 2500 lb. per sq. in.) in which S is the extreme fiber unit stress
in lb. per sq. in., computed by the usual flexure formula, I is the length
of span in inches, r' is the radius of gyration of the beam about a
centroidal axis parallel to the web, and m is a coefficient depending
upon the method of loading. The values of m are given in Table 10,
which is reprinted from Bulletin No. 68.
Moore made no attempt to adjust the loads carried by the different
beams for the differences in strength of the steel in the beams for the
following reasons: "(1) Due to cold-straightening and other bending
which a beam receives there is considerable variation in strength in
different parts of the same beam, and the strength of test pieces from
STRENGTH OF LIGHT I BEAMS
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FIG. 10. METHOD OF SUPPORTING AND LOADING J & L JUNIOR BEAMS
WITHOUT SIDEWISE RESTRAINT OF UPPER FLANGE
one part of the beam would not be wholly representative of the
strength of the other parts. (2) For beams of long span the resistance
to sidewise buckling is dependent not so much upon the strength of
the material as on its stiffness (of which the modulus of elasticity is
an index); for beams of medium span the resistance to sidewise buck-
ling is dependent partly on the strength of the material and partly on
its stiffness; hence the proper adjustment of stresses to compensate
for variations in material would be a matter of no small difficulty."*
16. Tests of J & L Junior Beams.-The tests of J & L Junior beams
were made in the following manner: The beams were supported at
each end on rollers, as shown in Fig. 10, and were loaded at the one-
quarter points through rollers; the load was applied at the mid-point
of the loading beam through a spherical block. Before adopting this
method of supporting the beam and applying the load, some of the
beams were tested with two rollers and three spherical blocks. The
results obtained were not consistent among themselves because of the
instability of this type of loading apparatus, and therefore rollers were
substituted for two of the spherical blocks.
After the beams had been tested with the loads applied at the
quarter-points and with the upper flange free to deflect sidewise, a
number of them were retested with the upper flange held against side-
wise deflection. Some were also retested with the load at the center-
point both with and without restraint of the upper flange. The re-
straint, where used, was produced by rods hooked around the upper
flange at the load points, as shown in Fig. 2. The data and results for
all of these tests are given in Tables 11 and 12 and the results for the
8-in. and 12-in. beams are plotted in Figs. 11 and 12.
*Univ. of Ill. Eng. Exp. Sta. Bul. 68, p. 22.
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TABLE 11
TESTS OF J & L JUNIOR BEAMS WITHOUT SIDEWISE RESTRAINT OF UPPER FLANGE
One-quarter point loading with four rollers and one spherical block
Test
No.
SJ-39
SJ-37
SJ-38
SJ-35
SJ-36
SJ- 1
SJ- 2
SJ- 3
SJ- 4
SJ-41
SJ-42
SJ-33
SJ-34
SJ-31
SJ-32
SJ- 5
SJ- 6
SJ- 7
SJ- 8
SJ- 9
SJ-10
SJ-43
SJ-44
SJ-29
SJ-30
SJ-27
SJ-28
SJ-11
SJ-12
SJ-13
SJ-14
SJ-15
SJ-16
SJ-40
SJ-45
SJ-25
SJ-26
SJ-23
SJ-24
G-26
G-27
G-28
SJ-17
SJ-18
G-21
G-22
SJ-19
SJ-20
G-24
G-25
SJ-21
SJ-22
Depth
Beam
in.
Span
ft.
Web
Thick-
ness
mn.
0.114
0.113
0.114
0.115
0.113
0.112
0.112
0.113
0.113
0.127
0.126
0.126
0.125
0.137
0.127
0.138
0.138
0.139
0.139
0.139
0.139
0.157
0.163
0.159
0.161
0.160
0.161
0.160
0.158
0.165
0.160
0.165
0.160
0.176
0.176
0.176
0.179
0.181
0.183
0.171
0.171
0.171
0.179
0.179
0.171
0.170
0.188
0.182
0.172
0.172
0.177
0.187
I/e
in.3
Equiv.
Slender-
ness
Ratio
ml/r'
Maxi-
mum
Load
lb.
10 140
9 800
8 640
7 400
7 060
4 740
5 360
3 660
3 690
12 380
12 870
12 270
12 310
10 400
8 490
7 060
7 890
6 290
5 940
4 730
4 720
17 350
15 420
14 270
17 850
14 380
12 540
8 380
9 550
8 960
8 200
5 450
5 730
18 290
13 300
19 760
21 600
15 070
13 170
22 870
17 850
16 850
14 810
14 010
17 930
13 690
11 850
10 100
14 280
17 120
7 300
8 070
Maxi-
mum
Fiber
Unit-
Stress
lb. per
sq. in.
25 200
36 400
32 100
36 700
35 000
29 400
33 200
27 200
27 400
16 000
16 600
23 700
23 900
26 900
21 900
22 800
25 400
24 300
23 000
21 400
21 300
13 400
11 900
16 500
20 600
22 200
19 400
16 200
18 400
20 800
19 000
16 800
17 700
9 100
6 600
14 700
16 200
15 100
13 200
24 300
19 200
17 900
18 500
17 500
24 700
18 800
17 700
15 100
22 400
27 200
14 600
16 100
Maxi-
mum
Shearing
Unit-
Stress
lb. per
sq. in.
8550
8330
7280
6180
6000
4050
4600
3110
3130
7020
7350
7000
7100
5450
4800
3680
4100
3250
3070
2450
2450
6330
5440
5190
6390
5190
4490
3010
3480
3130
2950
1900
2060
4970
3620
5340
5770
4000
3450
6420
5000
4710
3970
3750
5030
3860
3010
2660
3980
4770
1970
2070
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TABLE 12
RETESTS OF J & L JUNIOR BEAMS WITH UPPER FLANGE RESTRAINED AT LOAD POINTS
One-quarter point load with four rollers and one spherical block except as noted
Test
No.
SJ-39..........
SJ-38..........
SJ-38*.........
SJ-35 ..........
SJ-35*.........
SJ-41..........
SJ-41*.........
SJ-42..........
SJ-34..........
SJ-34*........
SJ-32..........
SJ-32*........
G-33t.........
SJ-43 .........
SJ-44..........
SJ-30..........
SJ-30*.........
SJ-27..........
SJ-27*.........
G-31t.........
G-32t.........
SJ-40..........
SJ-45..........
SJ-26..........
SJ-26* .........
SJ-24..........
SJ-24*.........
G-26t.........
G-27t.........
G-28t.........
G-21t ........
G-22t.........
G-24t.........
G-25t........
Depth
Beam
in.
6
6
6
6
6
8
8
8
8
8
8
8
8
10
10
10
10
10
10
10
10
12
12
12
12
12
12
12
12
12
12
12
12
12
Web
Thickness
in.
0.114
0.114
0.114
0.115
0.115
0.127
0.127
0.126
0.125
0.125
0.127
0.127
0.137
0.157
0.163
0.161
0.161
0.160
0.160
0.160
0.162
0.176
0.176
0.179
0.179
0.183
0.183
0.171
0.171
0.171
0.171
0.171
0.172
0.172
Equiv.
Slender-
ness
Ratio
ml/r'
101
151
101
201
134
85
57
85
127
85
170
113
170
75
75
112
75
150
100
100
125
68
68
101
68
135
90
90
90
90
113
113
135
135
Maximum
Load
lb.
20 220
10 700
6 880
8 500
5 000
24 900
13 600
27 900
18 830
10 520
11 920
7 740
2 040
40 400
39 570
25 800
16 850
16 250
11 610
14 010
10 600
40 670
49 420
32 150
21 000
22 240
18 910
12 530
16 600
15 940
15 880
11 060
11 710
11 220
*Center-point loading, two rollers and one spherical block, restrained at center.
tCenter-point loading, two rollers and one spherical block, no restraint.
17. Analysis of Results.-In Figs. 11 and 12 the fiber stress is
plotted against the slenderness ratio of the upper flange of the beam in
the lower part of the diagrams, and the shearing stress against the
slenderness ratio in the upper part of the diagrams. Figure 11 shows
that for beams having a slenderness ratio greater than about 150 the
fiber stress which it is possible to develop decreases as the slenderness
ratio increases, in the manner indicated by Moore in Bulletin No. 68.
But for beams with quarter-point loading having a slenderness ratio
less than about 150 the fiber stress decreases as the slenderness ratio
decreases, though it might be expected to increase.
Maximum
Fiber
Unit-
Stress
lb. per
sq. in.
50 200
39 800
51 100
42 200
50 200
32 100
35 200
35 600
36 500
40 600
30 800
39 900
31 300
31 100
30 500
29 800
38 900
25 000
35 800
45 600
41 800
20 300
24 700
24 100
31 500
22 200
37 800
26 700
35 700
33 800
43 700
32 000
26 900
25 700
Maximum
Shearing
Unit-
Stress
lb. per
sq. in.
17 000
9 100
5 770
7 090
4 210
14 100
7 700
15 800
10 900
6 050
6 750
4 380
1 070
14 800
14 000
9 210
6 000
5 830
4 170
5 020
3 760
11 100
13 500
8 620
5 610
5 830
4 960
3 520
4 650
4 470
4 440
3 260
3 270
3 130
---- ----------------
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TABLE 13
RELATION BETWEEN COLUMN STRENGTH OF WEB AND MAXIMUM SHEAR DEVELOPED
IN BEAMS HAVING AN EQUIVALENT SLENDERNESS RATIO UNDER 150 AND
WITHOUT RESTRAINT OF UPPER FLANGE
Web considered as a round-ended column of length equal to depth of beam.
E = 29 000 000 lb. per sq. in.
P/A by
Slenderness Euler Formula Average Max.
Depth of Average Ratio of for Round- Shearing Unit-
Beam Web Thickness d Ended Columns Stress Developed
in. in. Web, - lb. per lb. perSsq. in. sq. m.
6................... 0.114 182 8630 8050
8................... 0.126 219 5990 7120
10................... 0.160 217 6070 5840
12................... 0.176 236 5140 4810
This decrease in fiber stress in the shorter beams is due to the fact
that, for the shorter lengths, and where the upper flange is not re-
strained, the shearing stress is the critical stress instead of the fiber
stress. The plotted points show that, where the upper flange is un-
restrained, the highest shearing stress which can be developed with any
slenderness ratio is never greater than approximately the strength of
the web considered as a round-ended Euler column, or
P 7r ' E
A ~ P/r 2
P
in which - is the unit load in lb. per sq. in., E is the modulus of elastic-
ity in lb. per sq. in., and 1/r is the slenderness ratio, I being taken as the
depth of the beam and r the least radius of gyration of the cross-
section. Table 13 gives a comparison between the shearing stress
actually developed in the different beams and the computed strength
of the web considered as a round-ended column, and it shows clearly
that where the upper flange is not restrained the web acts as a round-
ended column. But when the beams were retested with the upper
flange restrained the shearing stress which could be developed was
increased considerably, and under this condition the fiber stress is
often the critical stress. Figure 12 shows this increase in shearing
stress. The retests with restrained upper flanges were made on the
same beams for which results are plotted in Fig. 11. The marked in-
fluence of the shearing stress is also shown by the increased fiber stress
which may be developed with the load applied at the center point;
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FIG. 13. FIBER STRESS DEVELOPED IN J & L JUNIOR BEAMS FOR SLENDERNESS RATIO
ABOVE 135, UPPER FLANGE FREE TO BUCKLE SIDEWISE
here again the beam fails when the shearing stress reaches the round-
ended Euler column load if it has not already failed by fiber stress.
The maximum fiber stresses developed in the 8-in., 10-in., and
12-in. beams, having a slenderness ratio of 135 and over, are plotted
against slenderness ratio in Fig. 13. There is considerable variation in
the strength of the different specimens having the same slenderness
ratio, but above a slenderness ratio of 150 practically all of the values
lie within the two parallel lines drawn on the graph. The equation of
the lower of the two lines is
ml
S = 24 000 - 40
in which S is fiber stress in lb. per sq. in., m is a coefficient taken from
Table 10, I is the length of the beam in inches, and r' is the radius of
gyration of the cross-section of the beam with respect to a gravity axis
parallel to the web. The value of r' in standard beams is about 0.20 of
the flange width, while in the J & L Junior beams it is 0.174 of the
flange width for the 12-in. beams and 0.193 of the flange width for the
6-in. beams.
The fiber stresses developed in the 6-in. beams are not plotted since
they are considerably higher than those developed in the deeper beams,
and therefore the equation derived for the 8-in., 10-in., and 12-in.
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beams is amply safe for the 6-in. beams. The greater strength of the
6-in. beams is probably due to the superior rolling which they receive
because of the thinner metal, and to the greater sturdiness of this
depth.
VII. TESTS FOR COMPRESSION OF WEB OVER BEARING BLOCK
18. Conclusions from Tests of Standard Beams.-Moore and
Wilson in Bulletin No. 86 concluded as a result of a number of tests
that the compressive stress in the web of I beams over the bearing
block might be computed by the formula proposed by C. W. Hudson
R
at
in which S is the compressive unit stress, in lb. per sq. in., R is the re-
action in lb., a is the width of the bearing block, measured parallel to
the length of the beam, in inches, and t is the thickness of the web in
inches. It is generally agreed that a web failure due to excessive com-
pressive stress will manifest itself by a kink just above the flange and
a bending of the web, the kink being the result of the metal having
been stressed beyond the yield point and the bending a secondary
action. This is well illustrated in Beams Nos. 33 and 34 in Fig. 15.
Where the failure is due to a bending of the web as a whole, resulting
in a column failure, the appearance is of the type shown in Beam No.
21 in Fig. 15. The tests reported by Moore and Wilson were made
with a constant width of bearing block, and with webs of different
thicknesses, which were obtained by planing down the webs of stand-
ard I beams.
19. Test Results on J & L Junior Beams.-These were tested as
rolled but with various widths of bearing blocks. Two types of speci-
mens were tested, the general make-up of which is shown in Fig. 14,
one type (a) with center point loading and the other type (b) with
two-point loading. Type (a) consisted of two series, designated as
Series F and Series K33-K48, inclusive. Series F consisted of speci-
mens which were 12 in., 18 in., and 24 in. long for the 6-in., 10-in., and
12-in. beams, respectively, and each had 1/2-in. x 1-in. stiffeners, elec-
trically welded, the stiffeners being placed edgewise. In Series K33-
K48, inclusive, the specimens were 10 in. deep and of a length such
that the distance from the edge of the stiffener to the inner edge of the
bearing block was equal to 10 in. The stiffeners on the beams in the
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FIG. 15. APPEARANCE OF BEAMS AFTER FAILURE WHEN TESTED FOR
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center-point loading, Series K33-K48, inclusive, consisted of two 1-in.
x 1-in. strips, placed flatwise, on each side, ground to fit against the
flange at top and bottom. They were fastened by three %6e-in. bolts
as shown in Beam No. 40, Fig. 15. The specimens for the two-point
loading are designated as Series K1-K32, inclusive, and were of two
types. Numbers K1-K24, inclusive, had %-in. x 1-in. stiffeners placed
edgewise and electrically welded; and Nos. K25-K32, inclusive, had
two %-in. x 1-in. stiffeners fastened by three %6 -in. bolts.
All test pieces of the two-point loading type had the stiffeners
placed a distance equal to one-half the depth of the beam from the
inner edge of the bearing block. Figure 14 shows the arrangement of
stiffeners for both the center-point and the two-point loading. The
width of the bearing blocks varied from 0.50 in. to 6.00 in. With the
exception of Series F and of Series K1 and K2, all bearing blocks were
supported on rollers. Deflections were read for a large number of the
test pieces, but since they did not appear to be significant they are
not given here.
Figure 15 shows the appearance of the beams in Series K after
failure. In nearly all cases the bend in the web of the beam was
carried to a point where it was permanent, and showed plainly enough
after the load was removed so that it might be photographed. The
results are given in Tables 14 and 15.
20. Analysis of Results.-If the conclusion of Moore and Wilson,
that the greatest bearing stress which can be developed is a value
Sslightly above the yield point, is correct, and it seems reasonable to
suppose that it is, any method of computation which gives bearing
stresses much above the yield point of the material must of necessity
be erroneous. Tables 14 and 15 show the values of the bearing stress
computed on the basis of the Hudson formula previously mentioned.
It will be observed that the bearing stresses thus computed vary from
97 000 lb. per sq. in. to 23 000 lb. per sq. in., omitting the low value
of 18 900 Ib. per sq. in. for K22, the failure of which was obviously
caused by an initial bend in the web. Since the method of failure was
similar in nearly all cases it is obvious that the Hudson formula does
not provide a correct method of computation for the bearing stresses
in the beams tested. The Carnegie formula is recommended as superior
to the Hudson formula for general use with I beams.
The failure of nearly all the specimens, as may be seen in Fig. 15,
was by a bending of the web due to column action rather than by a
bearing failure due to excessive compressive stress. Specimens Nos.
33 and 34 are definitely bearing failures, and No. 35, and possibly No.
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TABLE 16
SUMMARY OF TESTS FOR BEARING STRENGTH OF WEB
J & L Junior Beams
Max. Shearing
Bearing Unit-Stress in
Depth Strength Strength of Web-Buckling
of Type of Number of Web by Web as a Tests with
Beam Loading of Carnegie Fixed-Ended Stiffeners at
in. Tests Formula Column Load Points
lb. per sq. in. lb. per sq. in. lb. per sq. in.
(From Table 9)
6.................... Center-point 4 29 950 30 000 29 800
6..................... Two-point 8 27 010
10..................... Center-point 22 22 500 24 000 22 000
10..................... Two-point 12 20 050
12..................... Center-point 8 18 900 17 700 21 500
12 .................... -.Two-point 12 18 350
36, may be bearing failures, but these are the only ones which can be
so classed and these were all tested with the narrow bearing blocks.
Therefore it may be said that, in general, failure of the J & L Junior
beams, under bearing, is by a buckling of the web.
The bearing stress which caused web buckling for each test piece
as calculated by the Carnegie formula is tabulated in Tables 14 and
15. This formula* is
R
Sb  d\
t a+ )
in which Sb is the bearing unit stress in lb. per sq. in., R is the reaction
in lb., t is the thickness of the web at the middle of the height, a is the
width of the bearing block in inches, and d is the depth of the beam in
inches. The bearing strengths of the web, computed by the Carnegie
formula, and averaged for the various depths and loadings, are sum-
marized in Table 16. These averages, particularly those for the center-
point loading, agree very closely with the buckling strength of the web
considered as a fixed-ended column. For purposes of comparison the
average shearing stresses developed in the web-buckling tests, and
given in Table 9, are repeated in Table 16. While the values for
these shearing stresses do not agree exactly with the bearing strength
as computed by the Carnegie formula, they are in as close agreement
as might be expected under the different conditions of the tests.
For the 10-in. beams tested with center-point loading there is a
considerable range in the bearing strengths developed as computed by
*M. S. Ketchum, "Structural Engineer's Handbook," 3rd Edition, Part II, Table 10, p. 29.
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TABLE 17
EFFECT OF BEAM PROJECTING BEYOND OUTER EDGE OF BEARING BLOCK
ON STRENGTH OF WEB
10-in. J & L Junior Beams
Bearing Strength by Carnegie Formula
Distance from lb. per sq. in.
End of Beam to
Inner Edge of Beam
Bearing Block End of Beam Flush 0.75 in. to 3.25 in.in with Outer Edge of beyond Bearing Block
Bearing Block (See foot-note to Table 14)
1.75................................... 26 750 24 500
3.00 ................................... 22 000 19 650
3.50................................... 22 600 23 050
5.00 .................................. 17 950 18 350
the Carnegie formula, with the lowest values for the 5-in. bearing
block. But considering that the beams as rolled contain many physical
imperfections such as kinks, non-parallel flanges, etc., it is not sur-
prising that there should be considerable variation in the strengths of
the different specimens. It is believed that the lower bearing strengths
for the 5-in. bearing blocks do not affect the substantial accuracy of
the results computed by the Carnegie formula, especially since the
average bearing strength with the 32-in. blocks was greater than the
average with the 3-in. blocks and the 1.20-in. blocks.
Another way of expressing the bearing strength is to say that the
ultimate reaction which can be carried is equal to the column strength
of a length of beam equal to the width of the bearing block plus one-
quarter the depth of the beam. The close correlation between the
strength of the web as part of the beam and its strength as a column
affords an easy method of making tests on this type of beam.
One point investigated was the effect of allowing the beam to pro-
ject beyond the outer edge of the bearing block. The data for these
tests are given in Table 14 and a summary of the results in Table 17.
While there is a slight difference between the bearing strengths de-
veloped in the two cases, this difference is not uniformly in the same
direction. It seems fair, therefore, to conclude that there is no essen-
tial difference in the ultimate bearing strengths developed. We may
conclude that it is the distance from the inner edge of the bearing
block to the end of the beam, and not the width of the block itself,
which determines the ultimate bearing strength of the beam. How-
ever, observation of the action of the test pieces under the two kinds
of support makes clear that the stress distribution in the web of the
projecting beam is different from that in the beam in which the end
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is flush with the outer edge of the bearing block, and that the bearing
failure is a progressive one to a greater degree with the projecting
beam than when the bearing block is flush with the end of the beam.
The conclusion to be drawn from these observations of the action
under test is that, while a narrow bearing block may be used, and the
same ultimate strength obtained as with a wider block which comes
to the end of the beam, this narrowing of the block should not be
carried too far or a local crushing failure will result.
Table 16 shows that the 6-in. and 10-in. beams loaded at the center
point developed about 10 per cent greater strength than those loaded
at two points. This is because the distance between the bearing block
and the stiffener was greater in the case of the center-point loading.
This suggests that for high values of the end reaction the stiffener
should be placed over the bearing block or else not nearer to it than
the depth of the beam. The length of beam which can act as a column
is limited to the distance from the end of the beam to the stiffener.
Where the stiffeners are near the bearing block but not over it the
column will have less strength than where the stiffener is further from
the bearing block.
Attention is called to the fact that the two beams which showed
a distinct crushing of the web, K33 and K34, developed only 25 500
lb. per sq. in. and 25 200 lb. per sq. in., respectively, and that the
other two specimens which may possibly have failed by crushing of the
web developed only 27 200 lb. per sq. in. and 26 300 lb. per sq. in. It
seems then that 27 000 lb. per sq. in. is about the limit which can be
reached either for crushing or for web buckling.
VIII. CONCLUSIONS
21. Conclusions.-
(1) The chemical analyses and physical tests show that the steel in
the J & L Junior beams is homogeneous and uniform in physical
properties.
(2) The residual deflection under repeated loads of both standard
beams and J & L Junior beams is negligible within working stresses.
Where a slight deflection remains after the first application of a load
producing the usual working stresses, no increase in deflection will
occur after a second or third application of the load.
(3) With the upper flange restrained against sidewise deflection,
the ratio of the ultimate strength of the beam to the yield point
strength of the material is greater for the J & L Junior beams than
for standard beams. This is probably due to the J & L Junior beams
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having a more homogeneous material, due to more thorough rolling,
than the standard beams.
(4) The compressive or buckling strength of the web of J & L
Junior beams with stiffeners at supports and at load points is equal
to the strength of a short section of the beam tested as a column fixed
by the upper and lower flanges.
(5) The maximum shearing unit stress which can be developed
before web buckling occurs in thin-webbed beams with stiffeners at
supports and at load points is between the calculated unit load which
can be carried by a fixed-ended column having a height equal to the
length of a 45-degree strip of the beam and a similar column having a
length equal to the depth of the beam. For the more slender webs, the
buckling strength of the web is represented very closely by the unit
load carried by a vertical strip of the beam.
(6) For J & L Junior beams with the compression flange not re-
strained against sidewise buckling, and without stiffeners at either
the supports or at the load points, two distinct laws govern the
strength: (a) for slenderness ratios of less than about 150 the shear-
ing strength governs, manifesting itself by a buckling of the web,
while (b) for slenderness ratios greater than about 150 the fiber stress
governs, manifesting itself by sidewise buckling of the compression
flange.
(a) The shearing stress which may be developed is approx-
imately equal to the ultimate unit load of a vertical strip of the web
considered as a round-ended Euler column.
(b) The fiber stress which may be developed is given by a
formula of the type derived by Moore in Bulletin No. 68, and for the
8-in., 10-in., and 12-in. beams it is, approximately,
mlS = 24000 - 40
For the 6-in. beams the strength is greater than that given by this
formula.
(7) Bearing failures of J & L Junior beams are generally due to a
buckling of the web rather than to the compressive failure of the
material at the junction of the web and flange.
(8) Where the bearing block is very close to the end of the beam,
the Carnegie formula,
R
Sb = t (a+
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in which Sb is the bearing unit stress, in lb. per sq. in., R is the end
reaction in lb., t is the thickness of the web at the middle of the height
in inches, a is the distance from the end of the beam to the inner edge
of the bearing block in inches, and d is the depth of the beam in inches,
was found to fit the results of the tests of J & L Junior beams fairly
well, and it is recommended in preference to the Hudson formula for
general use with I beams without stiffeners over supports and under
load points.
(9) The end bearing unit stress calculated by the Carnegie formula
for J & L Junior beams, the unit buckling strength of webs with stif-
feners at supports and load points, and the unit strength of a short
section of the beam tested as a fixed-ended column are approximately
equal.
(10) End stiffeners for J & L Junior beams are most effective if
they are placed over the bearing block. If end stiffeners are not placed
over the bearing block they should not be placed nearer the inner
edge of the bearing block than a distance equal to the depth of the
beam.
(11) The J & L Junior beams acted as would be expected from the
tests of standard beams, except that the buckling strength of thin webs
in beams has been greatly underestimated. The tests also showed that
special attention should be given to the lateral support of the upper
flanges of J & L Junior beams.
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Reinforced Concrete Arch Bridges, by Wilbur M. Wilson. 1931. Twenty cents.
Reprint No. 1. Steam Condensation an Inverse Index of Heating Effect, by
Alonzo P. Kratz and Maurice K. Fahnestock. 1931. Ten cents.
*Bulletin No. 235. An Investigation of the Suitability of Soy Bean Oil for Core
Oil, by Carl H. Casberg and Carl E. Schubert. 1931. Fifteen cents.
*Bulletin No. 236. The Electrolytic Reduction of Ketones, by Sherlock Swann, Jr.
1931. Ten cents.
*Bulletin No. 237. Tests of Plain and Reinforced Concrete Made with Haydite
Aggregates, by Frank E. Richart and Vernon P. Jensen. 1931. Forty-five cents.
*Bulletin No. 238. The Catalytic Partial Oxidation of Ethyl Alcohol, by Donald
B. Keyes and Robert D. Snow. 1931. Twenty cents.
*Bulletin No. 239. Tests of Joints in Wide Plates, by Wilbur M. Wilson, James
Mather, and Charles 0. Harris. 1931. Forty cents.
*Bulletin No. 240. The Flow of Air Through Circular Orifices in Thin Plates,
by Joseph A. Polson and Joseph G. Lowther. 1932. Twenty-five cents.
*Bulletin No. 241. Strength of Light I Beams, by Milo S. Ketchum and Jasper
O. Draffin. 1932. Twenty-five cents.
*A limited number of copies of bulletins starred are available for free distribution.
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The University includes the follpwing departments:
The Graduate School
The College of Liberal Arts and Sciences (Curricula: General with majors,
in the Humanities and the Sciences; Chemistry and Chemical Engi-
neering; Pre-legal, Pre-medical, and Pre-dental; Pre-journalism, Home
Economics, Economic Entomology, and Applied Optics)
The College of Commerce and Business Administration (Curricula: Gen-
eral Business, Banking and Finance, Insurance, Accountancy, General
Railway Administration, Railway Transportation, Industrial Adminis-
tration, Foreign Commerce, Commercial Teachers, Trade and Civic
Secretarial Service, Public Utilities, Commerce and Law)
The College of Engineering (Curricula: Ceramics; Ceramic, Civil, Electri-
cal, Gas, General, Mechanical, Mining, and Railway Engineering; En-
gineering Physics)
The College of Agriculture (Curricula: General Agriculture; Floriculture;
Home Economics; Smith-Hughes-in conjunction with the College of
Education)
The College of Education (Curricula: Two year, prescribing junior stand-
ing for admission- General Education, Smith-Hughes Agriculture,
Smith-Hughes Home Economics, Public School Music; Four year, ad-
mitting from the high school-Industrial Education, Athletic Coaching,
Physical Education. The University High School is the practice school
of the College of Education)
The College of Law (three-year curriculum based on a college degree, or
three years of college work at the University of Illinois)
The College of Fine and Applied Arts (Curricula: Music, Architecture, Ar-
chitectural Engineering, Landscape Architecture, and Art and Design)
The Library School (two-year curriculum for college graduates)
The School of Journalism (two-year curriculum based on two years of
college work)
The College of Medicine (in Chicago)
The College of Dentistry (in Chicago)
The School of Pharmacy (in Chicago)
The Summer Session (eight weeks)
<Experiment Stations and Scientific Bureaus: U. S. Agricultural Experiment
Station; Engineering Experiment Station; State Natural History Sur-
vey State Water Survey; State Geological Survey; Bureau of Educa-
tional Research; Bureau of Business Research.
The Library Collections contain (July 1, 1931) 832,643 volumes and 221,000
panmphlets (in Urbana) and 45,241 volumes and 7,875 pamphlets (in
Chicago)
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